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Domestic Air Pollution and Respiratory Function 

in a Group of Housewives 

H. ROLAND HOSEIN. MSc^ mv. sndl FALL COREY, »5<. M.S. niO 


We dtitrmifted air pollution exposure to sulfur diox^ 
ide (SO^. mtrottrt dioxide (SO^} and rtspirabit sus¬ 
pended ponicuhses (RS J^) for a group of symptomatic 
housewives and a matched control group using a spe¬ 
cially designed domesik air pollution sampler. The SOi 
and RSP levels were higher indoors than outdoors, wher 
j real the SOi levels were higher outdoors. The cases and 
controls showed the same air pollution exposures^ The 
I sise of gas stoves resulted in elevated levels of SO- which 
i might account for the observed reduction in lung func¬ 
tion of residents in homes with gas stoves^ Cigarette 
smoking indoors resulted in elevated particulate levels. 
The maximum expiratoryflow (MEF/at 25^( and5(Fc of 
vital copacit} for non-smoking housewives showeda sig¬ 
nificant correlation with indoor particulate levels. Multi¬ 
ple regression analyses showed that RSP was a better 
predictor than SO- of lung function changes. 


A taide dfun appareil speciftquement coneu pour le 
prekvement de Fair domestique, on a ^alue Texposition 
au dioxyde desoufre fS^^^^^^^^ trazo\t\sOjer 

aux particules respirables en suspension (FRS) ttun 
groupe de mertageres symptomatiques et d*un groupe 
pairi. 

Les concentrations de SO- et de FRS se sont ovdrees 
plus elev^s i Finterieur qub Fexterieur albrs qu*on a 
observ/ Finverse i Fegard des concentrations de SO> 

Les cas ei les temoins montraient des niveaux iden- 
tiques iFexposition aux polluants atmospheriques. 

Dans certaines maisons, Fusage de poeles b ga: a 
entrame des concentrations ekv^s de SO-: ceci pourran 
eire a Forigme dela diminution desfoncttons respiratotres 
de ces rhidents. 

he fumage de cigarettes a entraine des concentraiiorxs 
eievees de particules. 

On a observe une correlation significative entre les 
concentratwns de particules a Fmteneur et le debit respi* 
ratoire maximum (DEM) a et MFc de la capaciU 
Vitale des mmageres non-fumeuses. 


E nclosures afford prelection from outdoor pollution; 

but Iht> entrap pollutants that may have seeped inside 
or have beerH|eneraied indoors.* Diffusion of pollutanii 
from outside may account fora iarfe proportion ofindoor 
pollution'^* and may depend on passive and active 
ventilation. 

Smoking, cleaning, and dusting generate a large amount 
of dust within the home.’ Lefcoe et al^ found that indoor 
levels decreased during the night, probably because of lower 
outdoor levels and lower indoor activity. Anderson'found a 
high correlation bet ween indoor and outdoor leveU for SO* 
and suspended particulate. Wade ei alf showed that homes 
w ith gas stoves had an NO: source independent of outside 
NO*. Other researchers have alio found gas stoves to be a 

Oc(yp«ii0A*! a lnvironmenul HcaitK I'nit. f mewit* of 

ciA« I «iivtr«ii> of Toroiiio. Toronto. Onuno Ctnada M5S 141 
Author mpon»ibk for nr|otuitont Dr Hotrin. 4llb-53052*4 
ar^nr /o# fTpriorj/rom iDr Hotnh 


source of NO* in homes.* Cigareiie smoking; indoors 
accounts for a large portion of suspended particulates. 

Other imernal sources of pollution are aerosol sprays, 
heaters, humidifier systems, degrading surfaces, dried and 
scaling epidermis^ hairs and foods 

The evaluation ofi domestic faaors may help to explain 
some of the causal factors in respiratory diseases Rcid*^ 
found that domestic crowding was associated with coryi*. 
Others'* *' have found crowding to be a causal factor in 
respiratory disease. 

Colley'* showed that parental smoking had only a small 
effect in children's respiratory symptoms, but other studies 
have show n an indirect effect of imoking ** *’ *^ A few studies 
showed no effects from passive smoking*”* but others 
showed a direa effea on sympioms**'” and lung 
function.’”’ 

The use of hair spray resulted in ^CTlraiion of aerosols’* 
which was not associated with lung function changes, but 
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foulltd in reductd mucousAclbcii) and chest iighincss In a 
provocation study, test subjects showed a reduction in max¬ 
imum expiraiorv now.>" and in an epidemiological study, 
aerosol spray usage was found to be correlated w ith respira- 
lory symptoms.^ 

The growth of bacteria and fungus in humidification sys- 
irms may result in exposure to viable aerosols. ^ ^ 

Keller ct at*'" found no excess illnesses tn residents who 
had gas stoves as compared to those with electric stoves, but 
children ini houses with gas stoves had more bronchitis, 
cough and chest colds/**Some researchers hav e show n an 
effect of using gas stoves on limg function/-“ 

Binder et al" found no association between exposure 
levelsandlung function or symptoms in a group of child i^en. 

We studied exposure to three air pollutants.sulfur diox¬ 
ide t SO-), nitrogen dioxide (NO^I and respirable suspended 
particulates (RSPf in a group of housewives with respira¬ 
tory sy mptoms; we compared the exposure with a matched 
group with no symptoms. Our aim was to determine 
whether domestic exposure wai a factor in symptom causa¬ 
tion: and to dttermine ifia correlaiion existed between lung 
function and pollution leseb^ 

METHODS 


' Exposure Measurement 

Ambient air quality can be assessed with stationary sam¬ 
pling instruments. These characterise the air around the 



Figure I. Muiltipollution Sampler for SOy. NO^ and RSP 


A. Main Sampling Mainfold 
B: RSP Filter w ith Nylon Cyclone 

C. Low Flow Pumps for SO: and I NO* 

D. Tubes with Absorbing Solution for SO* and NO* 

E. Main Blower Pump for Mainfold 

F. Pump for RSP 

G. Dampener for RSP Pump 

H. Flow Meters 
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instrumeinis but difficuliits arise when the results of such 
measuretnentsare used to estimate true exposure olsubjeas 
who move around, both outdoors and indoors. To obtain 
air quality data that might more adequately refleci an indi- 
vidiuafs changing envinonmem. an easiiy porublc. light- 
weigihi. and (bw-noiscair-sampling instrument that allowedi 
individuals to monitor their domestic environment during 
24>hour periods was designed. 

The instrument consisted of a manifold connected to a 
high volume blower which served! as the mam sampling 
sourcetFigurei): Probes from the manifold led lotaiadust 
sampler fitted with a cyclone asseimbiy to collect respirable 
sire particulates (less than 10 u ml on toa fiberglasslilier.tb) 
an impinger with a solution of potassium tetracholomercu- 
rate to absorbsulfur dioxide, and lOanotherimpmger with 
sodium hydroxide solution to absorb nitrogen dioxide The 
samplers were housed in a suitcase 50 x 38 x 15 cm weighing 
7 kgilblbs). Theconcenirauon for RSP was determined by 
gravimetric analysis, and SOyand NO^ were determined by 
colorimetric methods.The detection limitv for RSP. SO; 
and VO* wereSiig mVTiig m'and lO sig m*respectively, 
and the recovery rates were 100^. and 35^; the 
appropriate corrections were made for SO; and NO* 
recoveries. 

The domestic sampling was conducted once in the 
summer and once in the winter The duration of sampling 
each time was 24 hours. 

SimultaneousK. outdoor sampling for the same pollu¬ 
tant v was conducted within a radius of 11.6 km 

Subjects were telephoned and advised that this study was 
a follow-up to the larger study in which they had panici- 
paied earlier. A mutually agreeable time was arranged for 
the domestic sampling, in all cases, sampling was conducted 
in the homes ofthe cases, controls and outdoors during the 
same 24 hour period 

The sampler was placed in an area most used by the 
subject and at a height cibse to the breathtng rone laboui 
1.2m). They were advised to perform all their chores nor^ 
mally and to report any abnormal situations that might 
influence their exposure over ihai 24-hour period. 

A short questionnaire ascertained their respiratory sy mp¬ 
toms. smoking habits, use of heating or cooling systems, 
cooking methods, hobbies, housekeeping, the presence of 
smokers, and health condiiions of others in the same house. 

Subject Selection and Health Status Measurements 

Housewives 25-44 years were seketed for this study 
because they spend most of their time at home A sympto¬ 
matic group was chosen, all members responding positively 
to questions on ~usual cough** and **usual phlegm**. These 
subjeas were matched with controls of similar age (±S 
years), who hadsimilar smoking ha bi ts but a ns wered nega¬ 
tively to the questions on **usual cough*^n<Pusua1 phlegm**. 

These subjects were pariicipanii in a larger epioemiologi- 
cal study of over 7.000 peopk from three U.S. communi- 
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tits The tubjeas ^trt sckcted from t»o towns: 
Lebanon. ConnccttcuK and Winnsboro. South Carolina A 
modiificd National Heart and Lung Ihsiitute questionnaire 
was used to determine respiratory symptoms, respiratory 
diseases, smoking habits, occupational exposures, domestic 
exposure, and sensitivities to alleriens.’- Pulmonary func* 
tion tests were conducted in a mobile laboratory using expi- 
raiory* flow volumeequipmem Fise expirations were made 
into a pneumotachograph by each subject: the two expira* 
tions with best forced expiratory volume in one second 
(FE V,) were used in computing the mean lung funaion. 

The maximum expiratory flow volumes at 23^ and SCKy 
of vita) capacity (VmaK«) and Vmax^ ) associated! with 
these two expirations were also computed. 


Calibration 

The sampling equipment for SO; and VO; was calibrated 
against permeaiiDn tubes traceable to National Bureau of 
Standards. For RSP. the comparison was made against a 
direct reading tape sampkr. Thiscalibraiion was conducted 
in the laboratory . In all cases there were signincam correU* 
tionv between thesamplingmeihodsandthe three comparu 
son methods respectively (r • 0.99 for SO* and NO; respec* 
tueU and r s 0.88 for RSP). SO* was calibrated at 5 points 
between 3 andl40': g m\ NO* was calibrated at 7 points 
between 10 and 80ji f m\ and RSP was calibrated at 8 
points between 20 and 80ug m\ 

The volume displacement of the maximum expiratory 
flow \olume equipment was checked using a constant 


a/ TABLE I 

Comparbon of Domniir and Outside Environments for Air Pollutnnls. Lebanon; Connecticut 
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TABLE II 

Comparison of Domestic and Otiltide Environment for Air Pollutants* Winnsboro, South Carolina 
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TABLE III 

SUfogm DiotSdr Lr^tb In Homri wHh 
Cfts tnd i Electric Stoves 
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P< 
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volume syringe. A cam arrangement, which mimicked a 
ivpical flow volume outpui. was used to check the e^piri^ 
tors flow rates 

RESILTS 

Tables I and II summarize the air pollution data for the 
subject! in thetwo tow ns during the winter and summer for 
ttie two smoking categories. The air pollution summary data 
for SO;. NO: and RSP are given as geometric means since 
air pollution levels usually follow a log normal distributioni 

The summary air pollution eapoiure data for the house* 
w ives in Lebanon and Wtnnsboro are show n in Tables I and 
III When the data for the housewives with symptoms were 
compared against those without symptoms, no statistically 
signiricam differences were found. To determine whether 
the domestic e.vposure was differentifrom the outdoor expo¬ 
sure the data for both housewives* groups were combined 
and compared against the outside air pollution data: this 
comparison revealed in genera! that the SO: levels were 
usually higher outdoors, whereas the NO: and RS? levels 
were higher indoors. 

In Lebanoru the homes of smokers showed higher lev 
orNp:and RSP than the homes of non-smokerS; Ingenerai 
the winter air pollution levels in the Lebanon homes were 
higher than the summer levtli. lhiWinnsboro. the homes of 
smokers did not ^ow any consistent trends, nor were there 
any trends"between the levels in the homes during w inter or 
summer. 21 ^ of the homes had gas stoves, and in these N O* 
levels (Table Illy were significantly highn than in homes 
with electric stoves (pC .OOl). This differential between 
homes with gas andeiectricsiovcs was seen in both seasons. 


TABLE V 

EITeel of Gis Stove Ctwkint on the l.onf’ Function of 
Non-Smokint Houvenivev 


Mean Lunf Funnion • Standard Devtaiu^n r 


\ MiF., HV„ 

Cav Si«>vr% 

Electric Stoves 

3 .jisiijo** .Jiosx*** -15 

I* -13: IS* -J’rL''* -::ri4 9 


t 'fed I tint •*«»«« •Kt* •« Pv ••tp.. oi 

•tiM mc»tt vatiio retried Sft ilMr frrctfkt enist«o«iitr»m'firrdt(irJ 

The winter NO: levels were higher than the summer NO: 
levels in homes with both gas and electric stoves. AItp 
conditioned homes with gas stoves had a mean NO. level ofi 
1T5 sig mHn s 4) whereas the non-air conditioned! homes 
with gav stoves had a mean level of IS2 Mg mMn : 7). 

5^ of the homes had gas radiant heaters, but some also 
had gas stoves, hence ii was not poisibleto assess the emis¬ 
sions of NO: from thissource. The homes of smokers wiib- 
out gas ttoves had a mean NO* leval of 83iiB wberns 
liomes of nonHmokers without gas stoves had a meii^ el 
o(76Mf m^in the winter season: thedifferences were signif- 
kant (p < .OOik In the summer the means were 76 and 
75 Mg m* respectively. 

The tests to determine the daily variations in domestic 
NO; Ibading showed tihai in two homes with gav ranges, the 
NO; levels were sometimes in excess of lOCX) Mg m^ (i.e.. 
2-hourli values). In one home, t ^of the h0 2-hourly values 
were in excess of 1000 Mg m\ In this latter home, peak 
2-hourl\ values in excess of .^0(X) Mg m' were observed on 
two separate occasions. Ihi all cases, these peaks were 
direnly related to extensive use of the gas stoves and ovens. 

Cigarette smoking contributed signiricamly to the R.SP 
loading within the homes in the winter and summer (Tahle 
IV). The presence dfione^smoker in the home result^m 
significantly more RSP than in homes with no smokers 
<p < .OOI K and in homes with 2 or more smokers the RSP 
1^els were higher than homes w ith one smoier or no smok¬ 
ers ip < .001). in air condittoned homes wiiih at least one 
smoker the mean RSP level was 81 Mg mNn : III whereas 
the mean RSP level in homes w ithout air conditioning was 
70 Mg m'en s 25). 

H omes w ith hot water heaters w iih no smokers had signif¬ 
icantly higher levels of RSP (mean 67 Mg m'l than homes 


with forced air (mean 38 Mg m'). 


TABLE IV 

Rfspirabk Suspended ParllcuUtes as a Function of Smoking 
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TABLE VI 

Lung Function of NomSmokers Li%ing in Homes of 
Smokers and .Non-Smokers as a Function of Cooking 
FuelLsed 
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To determi ne whet her the NO: ck po&u re from gai stoves 
resulted in impairmeni of lung function, fion^smokers in 
homes with pi stoves were compared with their counter- 
pans in homes with electric stoses (Table V). Housewives 
using ps stoves had significaniiy lower VmaX;«.;, Vmax^^ 
and FE V,. However, the number of housewives in the gas 
stove user poup was small in • 3)j 

In the house wives study group, 31 ^ of the subjects with 
symptoms used gas stoves, whereas 12^ who used electric 
stoves showed symptoms Comparing all subjects (ie.. child¬ 
ren and adultsVwithin these homes. 28^ of the gas stove 
users showed symptoms whereas 18^ of eleahe stove users 
showed isymptoms^ Both these comparisons included smok¬ 
ers and non-smokers. 

The lung funaion of non-smokers who lived in homes 
w it h (a) no smokers. (b| a smoker who smoked one pack per 
day. and (c) i smoker who smoked two or more peks per 
day, were compared In this comparison all members of the 
household w ere included and this total group was separated 
into those w ho lived in homes with electric stoves and those 
who lived in homes with gas stoves^ In general, the lung 
function of non-smokers who lived in homes with elearic 
stoves was not influenced by passive smoke (Table VI). 

The lung function of non-smokers who lived in homes 


with gas stoves did not appear to be affected by passive 
smoke, but^ihe numbers in each smoking category was small; 
(Table VI). The degree of correlation between the indoor air 

polliitants and lung function was investigated for the 
housewives group (non-smokers) and for all no-smoking ' 
residents in the homes of the housew ives group The ana¬ 
lyses were conducted for NO; and RSP and the lung func¬ 
tion variables of Vmax.i#^ Vmaxand RE VV SO^ was not 
compared because of the extremely low indoor levels The 
correlation was conducted between the log of the pollution 
values and the percent deviation of the liing function mea¬ 
sures from the predicted values. 

For non-smoking housew ives, there were negative corre- 
Uiions between log NO: and the lung function variables, but 
none of these were siatisticall) significant (Table VII). 

This group also showed negative correlations between 
RSF and the lung function variables, two of them being 
statistically significant i.e.. Vmtx^^ (p< .03) and VmaX)^ j 
(p < .03) (Table VII). When all residents of the homes were 
studied, the effect of NO; on lung function was negligible, 
but theeffect of RSP was significant for Vmax ^ dp < .03) 

For smoken there were no associations bet ween exposure to 
NO: RSP and lung function: an indication ihat the 

effect ofsmokinfmayoverideany effects of the otMrpollu- 
unts in the home. 

There was no association between the NO; and RSP 
salues. 

An attempt was made to determine whether the pollu¬ 
tants. VO: and RSP. acting together would explainmore of 
the effects on the lung function parameters A statistical 
Analysis System (SAS) data set was created from the log i 
valuesfor NO; andlRSP and for the percent deviation of the 
lung function parameters from their predicted values. A | 
multiple regression analysis was conducted on smokers and ! 
non-smokers, for housewives, and for all residents of the 
homes. 

The regression analysis for non-smoking housewives 
showed that RSP was a better predictor than NOyof lung * 
function changes (Table Vlil) When both NO; and RSP 
were included in the multiple regression, a larger proponion 
ofthevariation wasexplainediand RSPwas a better predic- j 

tor of VmaXjj.. (p < .05) and Vmax^, (p < .03); the effect i 
on FE V| was not significant. 


TABLE VII 

rorrelatibn Between Indoor Pollutants and Lung Function of Nbn-Smoken and Smokers 
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TABLE Vllll 

Multiple Regrmroft of Lung Function on NO , and RSP of NontSmokm ind Smokers 
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TABLE 1\ 

Diili Virlalion of TSP and NO Jn the Domestic Ensironment 
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When all the non*smoking residentsisere tested. RSP uas 
again found to have the major effect on lling function, 
j especially on Vmax^ ; the effect of NO; uas less predomi- 
1 funi than in the houseuIves group tTable Vlll). 

For smoking housesiives. and for altismoking residents, 
the multiple reiression analUis did not shots an\ significant 
I effects betvkcen lung function and the pollution values 

DlSCtSSIOV 

The domestic environment had its oun generatini sources 
I for NO; and RSP. so much so that the kvels of these tuo 
pollutants indoors IS ere signiricanily higher than outdoors. 
Yocom et alP found higher NO; levels in homes with gas 
cookers and Docker) ei al-found higher RSP indoors than 
outside. For commercial buildings, the indoor outdoor 
ratios were less than unity.'** The observed differences in 
this study may be relesant only to the rural environment 
since both tow ns had rural characteristics. It b possible that 
in urban environments, the indoor outdoor ratio may be 
less than unity. 

Housewives living in homes with gas stoves had more 
exposure t o NO; than those in homes with electric stoves. In 
some cases the concentration was observed to be as high as 
3000>ig m\ which potentially couldicauseacute respirator)’ 
reactions.^ Chronic exposure lo low kveli of NO; may 
result in loss of lung jfunction and increased symptom 
reporting:**^ Homes with gas stoves had approximately 
100 Mg mP more NO; than homes with etearic stoves. 

The presence of one smoker in the home increased the 
RSP loading by 8 Mg m’ in the winter and 20 Mg m* in the 
summer;two smokers in the home increased thekveil by 35 


and SO Mg mP in the winter and summer respectively 

Dockery ei aP- found similar increases but Repace"and 
Weber" found much higher levels Smoking in air conditio 
oned homev resulted in slightly higher levels of RSP com¬ 
pared to homes withDui air conditioning Cigarette smoking 
indoorv coniTitbuteJ about 2 m# ni* of NO; in the summer 
and 7 Mg m'in the winter. 

The simplc linear regression analysis between NO;. RSP 
and the lung functionivariables in non-smokers showed that 
RSP correlated well with liing function depression The 
multiple regression analysis indicated that both NO; and 
RSP acted separately on the lung, but RSP was a ^tter 
predictor of lung funciton changes than NO;. 

The uniformity of smoking, cooking fuel use. indoor 
activityand type of healing system may account for the lack 
of differences in the mean air pollution kveU between the 
normal and symptomatic housewives* group. Perhaps the 
number of subjects was too small to produce statistically 
significant differences in exposure levels between the cases 
and controls; we could Inot conirollthe number of cases since 
only 26 met the selenion criteria The sampling schedule 
once in the winter and once in the summer might have been 
too small to define the domestic exposure because of daily 
variation. We tried to determine whether there was signifi¬ 
cant variation between days by sampling in a home for 3 
consecutive days using direct reading instruments for sus¬ 
pended particulatrs NO; and SO;. The findings indicated 
(Table IX) that there was no significant variation between 
days for suspended paFticuUtes; the variation for NO; was 
just at the 5^ significant leveli and the IcvfTnJf SO; were 
non-dtteaable. Hence the use of 2 sampling periods appear 
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40 be adequate in defining domestic exposure for parttcu- 
laies and to a ksser extent N0«. 
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